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The present investigation has to do with the physical and chemical 
properties of active extracts prepared from chicken tumor tissues, on 
the assumption that the neoplastic principle may exist in solutions, 
combined with a  certain number of normal or pathological products. 
The  first  group of observations to  be  described have  been  briefly 
reported in previous communications (1).  More  attention is given 
here to  the  chemical results.  In  the following paper,  methods for 
further purification of the active extracts are reported.  The purifica- 
tion of the tumor extracts so far obtained is presented as an intro- 
duction to  the study of the chemical characteristics of the specific 
agent. 
Until recently few attempts had been made to study the properties 
of the active tumor extracts by direct chemical means.  Sugiura and 
Benedict (2)  found that half saturation with ammonium sulfate pro- 
duced a  precipitate in Berkefeld filtrates of chicken tumor material. 
The activity of the filtrate appeared to go with the precipitate, which 
they  designated  as  the  "globulin"  fraction,  while  the  "albumin" 
fraction  was  inactive.  In  this  laboratory,  fractional precipitation 
was  secured by means of  electrodialysis with the  tumor-producing 
activity definitely going with the precipitate (3).  The precipitation 
was  found to  be  due  to  acidification resulting from electrodialysis, 
not  to  the  reduction in  the  salt  concentration.  A  similar fraction 
carrying the activity was produced by bringing the acidity of con- 
centrated  Berkefeld filtrates  to  or  beyond pH  4.8.  Below pH  4.0 
both  fractions  are  inactivated.  A  less  clear-cut  separation  of  the 
agent with a  "globulin" fraction has been also reported by Fr~tnkel 
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(4),  who  induced  an  acid  reaction  in  tumor  extracts  by  bubbling 
through carbon dioxide.  However, we have not been able to demon- 
strate the presence of true globulin in chicken tumor extracts. 
Analysis of the active fraction obtained by electrodialysis or by the 
addition  of weak acid gave figures for the nitrogen  and  phosphorus 
which  did  not  differ materially from those  given  by the  full  tumor 
extract.  Moreover,  later work showed that most of the  tumor pro- 
tein could be removed without affecting sensibly the tumor-producing 
activity. 
Source of Material and Preparation of Extracts 
The tumor used throughout the studies  was the spindle  cell sarcoma known 
as the Rous sarcoma, or Chicken Tumor I of the Rockefeller Institute series.  In 
the preparation of the material great care was taken to free the "healthy" tumor 
tissue from the necrotic parts and from the surrounding normal and reactive tissue. 
Extractsfram Fresh Tumor Tissue.--The usual method of extraction is to grind 
thoroughly with sterile sand 25 gin. of tumor pulp obtained by passing the tissue 
through a masher and slowly adding 500 cc. of distilled  water.  The reaction is 
maintained between pH 7.2 and 7.4 by the use of 0.1  1~ NaOH.  The mixture 
is carefully shaken  to insure homogeneous extraction  and the larger particles  are 
removed by centrifugation.  This material,  sometimes prepared with  a different 
proportion of solvent,  will be referred  to as tumor extract. 
Berkefeld Filtrates.--The tumor extract is filtered through Berkefeld V candles 
under 30 lb. of air pressure.  In a sample  experiment  the dry weight of 1 cc. of 
extract was 4.8 rag. while that of the filtrate  was 1.9 mg.  However,  the process 
of filtration  involves appreciable  loss in the active agent.  For this reason,  and 
in order to overcome the dilution  necessary  to make possible filtration,  we regu- 
larly concentrated the filtrate.  This was accomplished in Norton alundum thim- 
bles lined with an 8 per cent solution of cotton in glacial acetic  acid  (5).  With 
reduced  air pressure  an 8- to 10-fold fluid concentration can be obtained in the 
course of 2 to 3 hours.  The material will be referred  to as concentrated filtrate. 
Extracts from  Desiccated Tumor Tissue.--Murphy  (6)  has  shown  that  it  is 
possible to preserve  the tumor agent over long periods in desiccated  tissue, pro- 
vided the desiccation is brought about rapidly at a low temperature.  The tumor 
pulp is placed in vacuum jars with sulfuric acid as dehydrating agent and desicca- 
tion allowed to take place in the ice box.  The great variability of filters and the 
frequency with which filtrates  of low potency are encountered  has led to the use 
of extracts from desiccated  material  whenever  this  is  possible.  As routine,  a 
number of powdered desiccates are pooled, sifted through a fine mesh, thoroughly 
mixed, and the grade of activity tested in advance by inoculation  into chickens. 
The preparation is then stored in sealed tubes.  Thus sufficient material  of known 
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timated that 1 gin. of the desiccate corresponds to about 8.5 gin. of fresh tissue, 
but the dry weight may vary greatly with each individual tumor. 
For the preparation of the extract 1 gin. of the powdered desiccate is extracted 
with 60 cc. of distilled water.  During the extraction the reaction is adjusted to 
pH 7.4 by the addition of 0.1 ~ NaOH.  The debris is removed by centrifugation 
and the supematant fluid filtered through coarse paper. 
General Properties of Active Tumor Extracts 
The  general  characteristics  of  the  water  extracts  of  desiccated 
tumors  differ little  from  those of  concentrated Berkefeld  filtrates. 
The  former material is  always opalescent while the  latter  is  dear. 
Opalescence goes with non-filtration.  However, this  character does 
not seem to affect greatly the final composition of the solutions. 
TABLE  I 
Solu~lity ~  Chicken Tum~ Material in Various So~ents 
Solvent .............................................. 
From fresh tissue  ......................... 
From desiccated material ................. 
Nitrogen per cc. 
H~O  H20, pH 7.6  Ringer's  [ 5 per cent 
solution  I  NaCl 
"~"  I  "~"  I  m~.  I  '~" 
0.442  10.592  ]0.447  10.661 
0.74310.873  [  1.02s  [  1.066 
* Average from six experiments. 
The extract prepared according to the present method is always a 
mucoid fluid, more or less colored by blood pigment derivatives and 
the high viscosity is typical of Chicken Tumor I  products. 
The material going into solution varies with the methods used, but 
within certain limits the differences are mainly quantitative.  Table 
I  gives a  summary of the nitrogen content of extracts prepared with 
distilled water, alkaline water (the reaction being maintained around 
pH 7.6 by means of 0.1  N NaOH), Ringer's solution, and 5 per-cent 
sodium  chloride  solution. 
Tumor  extracts  subjected to  increasing acidity show  gradual  de- 
velopment of  opalescence  and  finally a  precipitate  separates  when 
the reaction of the fluid attains  pH  4.8  or drops  below that  point. 
Such precipitation can be obtained by any means which provides the 30  CAUSATIVE  AGENT  OF  A  CHICKEN  TUMOR.  X 
adequate  acidity.  If  an  excess  of  acid is  added  at  once,  a  mucoid 
precipitate forms, which contracts,  clearing the fluid of most of the 
dissolved  material.  Better  fractionation  is  obtained  when  buffer 
solutions of a  convenient pH are used.  In this case, the presence of 
the salt  itself has  a  definite action on the physical properties of the 
precipitate,  which becomes flocculent;  and  substances  which  other- 
wise would be absorbed remain in solution. 
The main part  of the  fraction  carried  down by  acid precipitation 
has the physical characters and the chemical composition of a muco- 
protein.  This  protein  fraction  can  be  brought  again  into  solution 
upon  treatment  with  alkali.  Salt,  for  example  NaC1  or  sodium 
acetate, also increases the solubility of chicken tumor extracts, which 
lose their typical mucoid characteristics.  Neutral or alkaline filtrates 
of fresh tumor tissue are not coagulated by heat and they retain their 
original limpidity.  If  salt  is  present  a  slight  opalescence  develops, 
but no actual precipitation is obtained on boiling. 
The chicken tumor agent will stand high salt concentration, from 1 
per cent NaC1  to half saturation with ammonium sulfate, which gives 
rise to precipitation without inactivation.  The agent generally goes 
with any precipitate produced in the fluid if precautions are not taken, 
doubtless as the result of adsorption.  This adsorption is apparently 
not specific.  In case of acid fractionation the  activity is associated 
with the  precipitate,  except when  the  reaction  has  been  allowed  to 
drop below pH 4.0, at which point the agent is regularly inactivated. 
Purification of active extracts obtained in these ways has been con- 
tinued, but as yet no attempts have been made to isolate  the agent 
itself by direct chemical means.  The following methods were devised 
for  the  successive  elimination  of  inactive  contaminating  fractions, 
the volume of the original solution being maintained practically con- 
stant.  The first practical  step in purification was the separation  of 
the agent from the major part of the chicken tumor proteins. 
Purification by Adsorption 
Leitch  first  applied  the  method of  adsorption  and  elution  to  the 
study  of  chicken  tumor  material  (7).  Other  investigations  have 
shown  that  a  variety  of  substances  can  adsorb  or  inactivate  the 
chicken  tumor  agent  (8).  Kaolin,  alumina  gel,  and  charcoal  have ALBERT  CLAUDE  31 
been  studied  in  this  respect  (Fr~nkel,  Lewis, Maschmann)  and  in 
several instances the agent has been partially released in active form 
from  its  union  with  the  adsorbent.  However,  the  method  widely 
applied  by  Willst~tter  to  the  concentration  of  enzymes  failed  with 
the chicken tumor agent in that no enrichment of the active principle 
could be obtained by elution. 
Investigating  the  possibilities  of  the  adsorption  method  for puri- 
fication we became interested in  the fact that,  when using  a  proper 
ratio of adsorbent to extract, most of the activity would remain in the 
solution,  whereas  the  major  part  of  the  contaminating  substances 
were  removed  during  the  process  of  adsorption.  The  purified  ex- 
tract appeared to deserve more attention than the usual eluate from 
the point of view of isolation of the active principle, and the properties 
of this fraction have been carefully considered.  1 
A dsorbent.--Aluminum  hydroxide,  prepared  according  to  Willst~tter  and 
Kraut's directions for the Type C was first used (9).  This preparation, however, 
leaves a turbid fluid when the mass of the colloid is removed.  Later we resorted 
to a modification of this type with the advantage of obtaining a clear supernatant 
fluid, free from suspended aluminum hydroxide particles and suitable for experi- 
ments involving  quantitative analysis. 
The technique and proportions are those used for the preparation of regular 
Willst~tter Type C, i.e. 30 gm. ammonium sulfate and 50 gm. aluminum sulfate 
for a 4 liter preparation with the difference that 7.4 gm. and 1.2  gin. NH3 are 
used instead of 7.75 gin.  and 1.47 gin. respectively.  Mter the second addition 
of ammonia the washing  with distilled  water is repeated until the supernatant 
fluid which  separates on standing becomes sulfate-free.  This is obtained after 
about 10 to 12 washings.  In this case the water of suspension remains perfectly 
clear and never becomes turbid, even if washing is continued indefinitely. 
Following the last washing the preparation is allowed to settle and the super- 
natant water discarded until the material has been concentrated to 850 cc. total 
volume.  This standard concentrated suspension  constitutes our stock prepara- 
tion.  The gel under these conditions  is a  voluminous and flocculent  material, 
with a bluish, tr~msparent appearance.  The reaction is slightly acid, an important 
condition, for a similar adsorbent having an alkaline reaction exhibits but a slight 
affinity for the chicken tumor proteins. 
Desiccated at 105°C. the concentrated preparation leaves a dry residue of 13.0 
mg. per co.  This material is not represented entirely by pure aluminum hydrox- 
ide, but sulfate ions are also retained on the colloid molecule.  Additional wash- 
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ings with  distilled  water  do not affect  the  composition of the product.  Other 
attempts to rid the gel of the associated sulfate group have failed, as its removal 
changes the properties and the adsorbing power of the gel.  The amount of bound 
sulfate corresponds to about 0.60 nag. SO4 per cc. 
During the process of adsorption  there  is an  exchange of ions taking place, 
probably with the free phosphate radicals,  while appreciable amounts of sulfate 
go into solution.  This fact has no practical bearing on the results except when 
total sulfur analysis is involved, in which case dialysis or barium precipitation 
may be resorted to. 
Technique of Adsorplion.--In  the procedure of adsorption,  the proportion of 
adsorbent to tumor extract has been kept constant, one volume of concentrated 
filtrate or of extract  from desiccate being treated  with an equal  volume of our 
concentrated aluminum hydroxide suspension.  Prior to use,  the aluminum hy- 
droxide is first centrifuged for a short time, avoiding the formation of a  too com- 
pact deposit, and the excess of water is discarded.  This precaution v~as found 
necessary in order to avoid dilution of the active material, which would have dis- 
turbed quantitative determination with respect to the chemistry and potency of 
purified  extracts.  The  gelatinous  deposit  is  added  to  the  tumor  extract  and 
shaken  together until  a  homogeneous mixture  is obtained.  The adsorbed ma- 
terial is spun down and the supernatant fluid collected by decantation and filtered 
through coarse paper. 
Washing of Adsorbate.--The deposit collected after adsorption is washed with 
distilled water and the washings are repeated as many times as may be required 
to rid the gel of all the non-adsorbed but adherent material.  The last washings 
which prove to be clear and colorless are as a rule devoid of any tumor-producing 
activity and respond negatively to the usual color tests.  For the present series 
of experiments analysis of this fluid gave average figures amounting to 0.005 rag. 
nitrogen and 0.023 mg. reducing substances per cc. 
Elution.--The alkaline agent used for elution has been mainly dibasic sodium 
phosphate at 0.07  ~  concentration or more often as a  1 per cent solution.  The 
washed deposit was extracted by shaking for 3 minutes with a  volume of phos- 
phate solution equal to the volume of the original extract.  After centrifugation 
the released fraction was filtered through coarse paper.  The material obtained by 
elutlon generally carries over the color of the first tumor extract.  The biuret, 
Millon, ninhydrin tests, and the diazo reaction are positive.  An abundant pre- 
cipitate  is obtained at pH 4.7 by the addition of acetic acid.  On analysis the 
figures obtained are as high as 0.147  rag. nitrogen and 0.161  mg. reducing sub- 
stance per  cc.  The  tumor-producing activity of this material  is  about  50 per 
cent of that of the crude extract.  As this step does not constitute an improve- 
ment as regards the purification of the agent, this fraction has not been included 
in the  present  study.  The properties  of the  other  extracts  will  be  considered 
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Nature and Chemical Composition  of the Tumor Extracts 
Plain Tumor Extracts 
In addition to the general properties of the concentrated filtrates and extracts 
from desiccates which have been described above, chemical analysis has shown an 
average of 0.474 rag. nitrogen per co. in the concentrated filtrate and 0.680 rag. 
nitrogen per  cc.  in  the dry powder  extracts.  The  color tests  for proteins  are 
regularly positive.  No free reducing sugars are found, but the Molisch test and 
the naphthoresorcin test for glucuronic add are positive.  On acid hydrolysis the 
test  with  Fehling's  solution  becomes  strongly positive.  Moreover,  the  tumor 
extracts  yield large  amounts  of reducing substances  which,  figured as  glucose, 
correspond to an average value of 0.452 rag. per co. for concentrated filtrates and 
0.638 rag. per co. for desiccated extracts. 
These results,  along with the typical physical characteristics  of the 
tumor extracts,  certain  color reactions,  and the  fact  that  as much  as 
2A per cent sulfur was obtained from the precipitated protein, indicate 
that  the  tumor  material  is  represented  to  a  large  extent  by  a 
mucoprotein. 
The nitrogen determinations in connection with this work were made according 
to the Van Slyke micro Kjeldahl method  (10)  The method of Van Slyke and 
Hawkins  (11)  was used for the determination of reducing sugars.  In the latter 
case the solutions were first acidified with hydrochloric acid to a  10 per cent final 
concentration and the material hydrolyzed by 3 hours' immersion in boiling water. 
Extracts Purified by Adsorption 
The process of adsorption eliminates from the solution the pigments which are 
normally present  in chicken  tumor extracts.  When  the  starting  material  is  a 
Berkefeld filtrate the supernatant fluid, after removal of the aluminum hydroxide, 
is a dear, colorless fluid with a high viscosity.  If an extract from a tumor desiccate 
is the source the fluid is also colorless, and equally viscous, but remains opalescent. 
The  solid  content  of such  purified  extracts  after  evaporation  and  desiccation 
in vacuo is about 2 rag. per cc. 
The  usual  color reactions  for proteins,  for example  the  biuret,  Millon,  and 
xanthoproteic tests,  are negative.  ' No precipitate  is produced in the aluminum 
supernatant  by the addition of tungstic acid, picric acid, or trichloracetic acid. 
The addition  of tannic  acid fails  to produce any apparent  modification of the 
fluid, except for a marked increase in the original viscosity.  On chemical analysis 
the average figures for nitrogen are 0.038 rag. per cc. in the case of concentrated 
filtrates and 0.076 rag. per cc. in  the case of desiccate extracts. 34  CAUSATIVE  AGENT  OF  A  CHICKEN  TUMOR.  X 
These results show that the process of adsorption has removed the 
bulk of the proteins  and  the supernatant  fluid has retained  only 8  to 
11  per cent of the total nitrogen originally present in the plain tumor 
extract. 
The  aluminum  supernatant  has  no  reducing  power  on  Fehling's  solution. 
Mter acid hydrolysis, however, reducing substances appear and the test becomes 
strongly positive.  The Molisch test is definitely positive with characteristic color 
rings.  Positive naphthoresorcin reaction is suggestive of the presence of glucu- 
ronic acid.  As in the case of the crude extracts it is found that acid hydrolysis 
liberates large amounts of reducing substances in the purified fraction.  Calcu- 
lated as glucose,  the yield was 0.098 and 0.138 rag. per cc. respectively, whether 
fresh filtrate or tumor desiccate was used for the preparation of the solutions. 
These values correspond to 21.6 per cent of the reducing substances originally 
found in the plain extract.  Moreover, the aluminum supernatant has a content 
of about 0.011 mg. non-diffusible  sulfur per cc.,  or more than 3.0  per cent  as 
figured for the  dialyzed material.  However, the  sodium nitroprusside  test for 
-SH groups and the Schiff reaction for aldehyde are negative.  The bound sulfur 
is easily released by acid hydrolysis. 
These  results  and  the  study  of  other  chemical  tests  support  the 
view that the main component present in the fluid after adsorption is 
a  carbohydrate;  namely,  chondroitin-sulfuri~  acid.  Moreover,  the 
high  viscosity  already  noted  with  crude  extracts  and  especially 
characteristic  of  the  aluminum  supernatant  fluid  can  be  ascribed 
directly to the physical state of the carbohydrate itself.  The viscosity 
of the material is rapidly lost on acid hydrolysis. 
Other  observations  are  in  line  with  the  above  mentioned  con- 
clusions. 
The solubility of this fraction is not affected by dilute acetic acid or buffered 
solutions of higher hydrogen ion concentration.  The addition of 1 or 2 volumes 
of glacial acetic acid produces the separation of the substance as a white, flocculent 
material.  Treatment of the aluminum supernatant with 2 volumes of acetone, 
95 per cent alcohol,  or with an alcohol-ether mixture has the same effect. 
Crystalline hexosamines have been recovered and an osazone obtained from 
the isolated material after treatment with strong acid. 
Tumor-Producing  Agent in  Aluminum  Supernatant Fluid.--The 
results  as  concerns  the  tumor-producing  activity  of  the  extracts  so 
far  studied  have  been  analyzed  in  other  publications  (12).  It  was 
found  that,  allowing  for  the  effect  of  the  removal  of  an  inhibiting ALBERT  CLAUDE  35 
factor,  the  fraction  retained  practically  the  same  tumor  activity  as 
the  crude  extract.  This  is only true  in  the limits given  by  the  sen- 
sitivity  of  the  test,  since  an  unknown  portion  of  the  activity  was 
found to go with the adsorbent.  However, this portion has been con- 
TABLE  II 
Aluminum Hydroxide Adsorption Experiments 
Comparative Analysis of the Different Fractions  for Nitrogen and Reducing Substances 
Experiment 
No. 
L~ 
mg. 
3.398 
3.647 
3.376 
3.516 
~). 436 
[).316 
3.629 
[). 474 
Nitrogen  per cc. 
mg.  rag. 
0.029 0. 003 
0.039 0.00¢ 
O. 028 O. 003 
0.030 0.001 
0,040 0.00.: 
0,061 0.00( 
0.044 0.00~ 
0.038 ]0.00~  i 
mg. 
0.060 
0.220 
0.049 
0.095 
0.066 
0.325 
0.148 
0.137 
Reducing substances 
Glucose per  cc. 
Average... 
Extracts from desiccates 
rag.  mg.  mg. 
0.455  k 080 0.007 
0.473  1.064 0.003 
0.22,3  1.0360.004 
O. 294  1.076 0.002 
0.375  ).088 0.004 
0.68f  }. 196 0. 044 
0.665  }.148 0.007 
0.452  }.098 O.OlC 
!. 
124 
214 
060 
149 
090 
232 
170 
148 
Index of tumor-producing 
activity 
0  0  0 
66  166  33 
00  100  50 
66  72  16 
O0  1100  60 
i 
O0  [100  10(  tO0 
I 
O0  100  100 
88.6  89.  --  51.0 
8 
9 
10 
11 
12 
Average... 
0.687 0,061  [).005 0.163 
0.528 0,053  E).006  0.103 
0.745 0.063  [).005 0.217 
0.652 0.09£  g.007 0.107 
0. 796 0.107  [).005 0. 199 
0.681 0.076  3.005 0.158 
'0.588 0.082 0.024 0.120 100  100 
0.588 0.072 0.008 0.076  66  66 
0.7500.1770.05£  g.282 100  100 
3.440  0.032  0.120  50  50 
0.826 0.224 0.058 0.278 100  100 
0.6380.1380.034  D.175  83  83 
0  50 
0  0 
50  100 
10  50 
50  80 
22  56 
* Tumors obtained from the wash water should be ascribed to an incomplete 
preliminary washing of the adsorbate. 
sidered negligible, the  tumors  resulting  from  inoculation of the  puri- 
fied fraction, as compared with those produced by the original extract, 
giving an equal percentage of takes and having at least an equivalent 
rate  of  growth. 
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content of the active extracts,  with an index of the tumor-producing 
activity. 
In addition to the fact that the main tests for proteins have become 
negative, 92.0 per cent of the nitrogen and 78.4 per cent of the reduc- 
TABLE  III 
Results flora Analysis and Inoculation Tests of the Tumor Extracts before and after 
Adsorption* 
rumor extracts... 
Muminum supernatant fluid,.. 
kmount removed by adsorption. 
With concentrated filtrate 
Tulnor- 
Nitro-  Reduc- pr.oduc- 
gen  ing  ln~ 
sugars  actiwty 
per cent  per ce~  per cent 
I00.0  IO0.C  I00.0 
8.0  21.6  101.3 
92.0  78.4  0.0 
With desiccate extracts 
Tumor. 
Rednc-  prodnc-  Nitro-  ing 
gen  mg 
sugars  activit} 
per cent  per cent  per ee~a 
100.£  100.0 100.( 
11.1!  21.6  100.( 
88.9  78.4  0.( 
* Figures calculated on the basis of the original extracts as 100. 
TABLE  IV 
Color Tests on Chicken Tumor Extracts before and after Adsorption with Aluminum 
Hydroxide 
Reaction  Tumor extract  Aluminum  supernatant 
Biuret ....................................... 
Xanthoproteic reaction ........................ 
Millon's ..................................... 
Molisch's  .................................... 
Naphthoresorcinol  ............................ 
Schitt's (for nucleic acid) ....................... 
Sodium nitropmsside (for -SH) ................ 
Ninhydrin  ................................... 
Diazo reaction ................................ 
++++ 
+ 
(butnottypicM) 
+++ 
++++ 
++++ 
++ 
++++ 
++++ 
m 
++++ 
++++ 
+++ 
+++ 
ing  substances  have  been discarded as  inactive, contaminating  prod- 
ucts.  However,  the  ninhydrin  test  and  the  diazo  reaction  remain 
strongly positive. 
Additional  Properties  of  the  Aluminum  Supernatant  Fluid.--The 
n~xt point in the investigation was to establish the relationship which ALBERT  CLAUDE  37 
would  exist  between  the  carbohydrate  present  in  the  active  extract 
and the tumor-producing activity itself.  Many reagents were tested 
and  a  number  were  found  to  precipitate  the  carbohydrate  from the 
fluid. 
The more characteristic of these reagents were a certain number of basic dyes, 
especially safranine and neutral red.  When some of a 0.5 per cent aqueous solu- 
tion of neutral  red  is  added  to  the  aluminum supernatant,  the  viscosity first 
increases and the fluid becomes gelatinous.  On shaking, the precipitate contracts 
and separates as a mucoid material floating on the surface, leaving a fluid, clear 
and deprived of viscosity.  The presence of salts changes the  character of the 
precipitate.  In 1 per cent NaC1 the precipitate becomes flocculent,  while in 3 per 
cent salt the compound is completely soluble.  The latter property was used for 
the  redissolving of the  dye-carbohydrate fraction when  the  purification of the 
aluminum supernatant  was attempted by this method.  Analyses for reducing 
substances were as  follows:  aluminum supernatant:  0.173 rag.  glucose per cc.; 
neutral red precipitate, washed and redissolved:  0.136 nag. glucose per cc.  The 
chicken tumor activity was lost during the procedure, not as the result of a direct 
toxic effect of the dye which from other tests had been found to be innocuous  to 
the agent, but probably owing to the physical character of the precipitation itself. 
Nevertheless, the neutral red reaction has been found very useful and is used in 
the laboratory as a routine test for the detection of the  carbohydrate in  chicken 
tumor extracts. 
Certain salts of heavy metals, such as silver nitrate, mercuric acetate, ferric 
chloride,  gold chloride,  precipitate the aluminum supernatant, but only when the 
acidity has dropped below pH 4.0  by the decomposition of the  chemicals  and 
liberation of strong acid.  At that point the chicken tumor agent is inactivated. 
A certain fraction of the purified extract precipitates out on addition of basic lead 
acetate, with the reaction remaining around neutrality.  Precipitation occurs with 
uranium acetate and copper acetate with the reaction at pH 6.0.  In this case 
the precipitation is incomplete or the excess of the reagent induces an acute reac- 
tion in the host. 
Purification of the Aluminum Supernatant Fluid by Precipitation 
with Gelatin 
The  properties  and  chemical  reactions  shown  by  the  aluminum 
supernatant  fluid  demonstrate  that  the  protein  content  is  relatively 
low  and  that  the  constituent  of next  importance  is  a  carbohydrate, 
mucoitin-  or  chondroitin-sulfuric  acid.  Additional  purification  by 
means  of ordinary  precipitating  reagents  could  not  be  accomplished 
on  account  of  the  immediate  destruction  of  the  agent  following  the 
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A  method was then devised for the removal of this compound with a 
basic  protein.  The  method  originated  in  the  fact  that  the  tumor 
carbohydrate has a slightly acid character and may pre-exist normally 
as the prosthetic group of chicken tumor mucoproteins.  Gelatin was 
selected on account of favorable chemical properties and because of a 
certain hypothetical genetic relationship which it was believed exists 
between the two compounds in the connective tissues. 
It was found by preliminary tests that when gelatin is added to the aluminum 
supernatant fluid, and the reaction adjusted at or below pH 4.8, precipitation is 
induced in the mixture.  No precipitation occurs in either the aluminum super- 
natant or the gelatin solution alone on acidification.  Likewise, there is no appar- 
ent reaction taking  place between the chicken  tumor material and  the gelatin 
when mixed together. 
If enough  acetic acid is added at once, a mucoid precipitate develops in the 
mixture, similar  in appearance to that obtained from an ordinary mucoprotein 
solution.  Very dilute acetic acid added progressively,  acetic acid in presence of 
salts, or buffered solutions at a convenient pH, bring about a flocculent precipitate 
provided the acidity reaches at least pH 4.8.  The optimal conditions  for  the 
precipitation are at pH 4.7, at which  point the precipitation is complete while 
the corresponding  acidity has no harmful effect on the agent. 
For the present investigation our source of material has been extracts prepared 
from desiccated tumor tissue only, and the adsorption and removal of the protein~ 
has been performed in the usual manner. 
To 10 cc. of the aluminum supernatant fluid  is added 1 cc. of a  2 per cent 
commercial gelatin solution (Gold Label).  The reaction is brought to pH 4.7 by 
means of 0.1 ~r acetate solution at pH 4.6 (usually 2 ce.) and the reagents mixed 
together.  On standing for 10 to 20 minutes, a voluminous,  flocculent precipitate 
forms and separates slowly.  The precipitate is removed by centrifugation and 
the gelatin supernatant filtered through course paper.  The gelatin precipitate is 
washed  several times in 0.02 ~  acetate buffer at pH 4.6 and redissolved in  a 
sufficient  amount of Ringer's solution to bring the volume back to that of the 
original extract. 
Gelatin Supernatant  Fluid.--The  material  recovered after  gelatin 
precipitation  is  a  water-clear,  colorless  fluid, which is  devoid of the 
usual  viscosity of  active  tumor  extracts.  Qualitative  tests  indicate 
that the carbohydrate retained in abundance in the aluminum super- 
natant has been eliminated by the isoelectric precipitation of the new 
gelatin compound.  The gelatin supernatant is no longer precipitated 
by basic  dyes,  basic  lead  acetate,  mercuric  acetate,  or  Millon's  re- 
agent.  The  naphthorescorcin  test  for  glucuronic  acid  is  negative 
while strongly positive on the gelatin precipitate. ALBERT  CLAUDE  39 
Gelatin Precipitate.--Redissolved  in Ringer's solution or in slightly 
alkaline  solution  the  gelatin  precipitate  gives  an  opalescent  and 
viscous solution, very similar in appearance to the original aluminum 
supernatant fluid.  From the fluid, material can be extracted which, 
in  water,  has  the  typical  characteristics of  the  substance  found in 
active aluminum supernatant fluid.  It is precipitated by basic dyes, 
as usual, by basic lead acetate, and also by acetone and dilute alcohol. 
The products from gelatin precipitation  were tested with respect 
to  their  ability  to  induce  tumors.  The  gelatin  supernatant  was 
found to have a tumor-producing activity estimated at 69 per cent of 
that  of  the  aluminum  supernatant.  The  tumors  obtained  were 
TABLE  V 
Fractionation by Gelatin 
Precipitation with neutral red ..................... 
Precipitation with basic lead acetate ............... 
Precipitation with Millon's reagent ................ 
Test for glucuronic acid .......................... 
• Index of tumor-producing activity ................. 
Aluminum  Gelatin  Gelatin 
supernatant  supernatant 
fluid  fluid  precipitate 
+++ 
+++ 
++ 
++ 
91.7 
m 
69.2 
+++ 
+++ 
++ 
+++ 
43.3 
usually  slightly larger  than  those  of  the  control.  2  The dilution to 
which the gelatin supernatant was subjected through the manipula- 
tions  was  not  allowed  for  in  estimating  the  results.  The  gelatin 
precipitate yielded an average of 52 per cent of takes and the tumors 
were somewhat smaller than those produced by the control material. 
In a  few experiments the gelatin supernatant proved to be as active 
as the control extract while the gelatin precipitate was inactive.  Table 
V  gives  the  general  properties  of  the  "gelatin  fractions,"  together 
with an index of their tumor-producing activity. 
In dealing with the gelatin method one may encounter more diffi- 
culties than  with the first step  of purification by adsorption.  One 
may have  to  get  acquainted  with  the  physical peculiarities  of  the 
precipitation and adapt the amount of gelatin to the concentration and 
Gelatin mixed with active material seems to enhance slightly the develop- 
ment of  the resulting  tumor.  This  effect may account  for  the large tumors 
obtained from the fraction contaminated by an excess of gelatin. 40  CAUSATIVE AGENT OF  A CHICKEN TUMOR.  X 
viscosity of the tumor extract.  With some experience the adsorption 
of the active agent on the gelatin precipitate can be easily avoided. 
The results reported indicate that  a  material remaining after ad- 
sorption  on  aluminum hydroxide and  representing  about  one-third 
of  the  total  solids  found  in  active  aluminum  supernatant  fluids  is 
eliminated by the gelatin method.  This substance which is present 
in  all  chicken tumor extracts is  not connected with the  tumor-pro- 
ducing activity. 
SUMMARY 
A  brief  description  is  given  of  the  main  physical  and  chemical 
characteristics of active chicken tumor extracts.  By special methods 
constituents  have  been  removed from  the  active  solution:  (1)  the 
major part of the tumor-proteins, which are adsorbed on alumina gel 
and discarded;  (2)  a  carbohydrate, present in large amounts in  the 
tumor  extract,  is  eliminated  by  precipitation  in  combination  with 
gelatin.  In  both  cases  the  tumor principle is  not  directly affected 
and largely remains in active form in the solution. 
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